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(54) Method of manufacturing organic EL element, organic EL element 



(57) The invention seeks to ensure that a liquid is 
placed in a predetermined region (without being placed 
in an adjacent region) with a uniform thickness in the 
region, when a light emitting layer constituting an organ- 
ic EL element is placed by, for example, ink jet process. 
Thin Si0 2 film pattern 3 having opening 3a is formed on 
ITO electrode 2. Next, ultrathin organic film pattern 41 



having opening 4b is formed on thin Si0 2 film pattern 3. 
The surface of ultrathin organic film pattern 41 becomes 
repellent to liquid. Hole transporting layer 61 is formed 
in opening 4b, and then liquid 7 containing a material for 
the formation of light emitting layer is discharged there- 
on by ink jet process. Fluid 7 does not remain on the 
surface of ultrathin organic film pattern 41 but enters 
opening 4b. 



[FIG. 6] 



(a) 



<b) 
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Description 

[0001] The present invention relates to a method of 
manufacturing an organic EL (electroluminescent) ele- 
ment, and an organic EL element manufactured by the 
method. 

[0002] In recent years, development of an organic EL 
element (a luminous element having a structure includ- 
ing an anode and a cathode, and a light emitting layer 
composed of an organic matter sandwiched between 
the anode and the cathode) has increasingly proceeded 
to provide a self-luminescent type display as an alterna- 
tive of a liquid crystal display. Materials for the light emit- 
ting layer of such an organic EL element include, for ex- 
ample, a low molecular weight organic material such as 
quinolinolatoaluminum complex (Alq3) and a high mo- 
lecular weight organic material such as poly(para-phe- 
nylene-vinylene) (PPV). 

[0003] A film of a light emitting layer composed of a 
low molecular weight organic material is formed by va- 
por deposition process, as is described in, for example, 
"Appl. Phys. Lett. 51(12), 21 September 1987 pp. 913". 
A film of a light emitting layer composed of a high mo- 
lecular weight organic material is formed by coating 
process, as is described in, for example, "Appl. Phys. 
Lett. 71(1), 7 July 1997 pp. 34-". 
[0004] In many cases, a hole transporting layer is pro- 
vided between the light emitting layer and the anode of 
the organic EL element. A hole is injected from the an- 
ode to the hole transporting layer, and the hole trans- 
porting layer transports the hole to the light emitting lay- 
er. When the light emitting layer has a capability of trans- 
porting a hole, the hole transporting layer is not always 
provided. In some cases, a hole injecting layer is pro- 
vided as a layer other than the hole transporting layer. 
When the light emitting layer is composed of a high mo- 
lecular weight material such as PPV, a conductive pol- 
ymer such as a polythiophene derivative or a polyaniline 
derivative is used as the hole transporting layer in many 
cases. When the light emitting layer is composed of a 
low molecular weight material such as Alq3, a phe- 
nylamine derivative or the like is used as the hole trans- 
porting layer in many cases. 

[0005] For example, in an organic EL element for dis- 
play, anodes are formed in individual pixels on a sub- 
strate, and a light emitting layer and a hole transporting 
layer must be placed on each anode. Accordingly, if the 
light emitting layer and the hole transporting layer can 
be placed by Inkjet process, coating (application) and 
patterning can be performed concurrently to thereby 
yield a patterning with a high precision for a short time. 
Additionally, this process is also effective to cut wastes 
in material and to reduce manufacturing cost, since a 
minimum of material is enough to be used. 
[0006] To place the light emitting layer and hole trans- 
porting layer by ink jet process, liquid materials must be 
used. When a high molecular weight material such as 
PPV is used as the material for light emitting layer, the 



use of, for example, a solution of its precursor can place 
the light emitting layer by ink jet process. The placement 
of a light emitting layer composed of PPV high molecular 
weight material is described in, for example, Japanese 

5 Unexamined Patent Application Publication No. 
11-40358, Japanese Unexamined Patent Application 
Publication No. 11-54270, and Japanese Unexamined 
Patent Application Publication No. 11-339957. 
[0007] In the ink jet process, a region on which the 

10 light emitting layer and hole transporting layer are 
formed is surrounded with a barrier, and a liquid material 
is discharged toward the region surrounded with the bar- 
rier to thereby place the liquid material in the region. As 
the barrier, a two-layer structure barrier comprising a 

15 lower layer (substrate side) composed of an inorganic 
insulator such as silicon oxide, and an upper layer com- 
posed of an organic polymer such as polyimide is de- 
scribed in, for example, PCT International Publication 
No. W099/48229. 

20 [0008] Fig. 21 is a sectional view showing the afore- 
mentioned structure. Each of anodes 2 is formed in each 
pixel position on substrate 1 , and lower barrier 31 com- 
posed of silicon oxide is formed so as to surround the 
periphery of each anode 2. Additionally, upper barrier 

25 32 composed of polyimide is formed on lower barrier 31 . 
Lower barrier 31 and upper barrier 32 are formed, for 
example, to a thickness (total thickness) of 1 to 3 \irr\ by 
thin-film formation and patterning operations. 
[0009] In this connection, PCT International Publica- 

30 tion No. W099/48229 also describes the liquid-repellent 
treatment of the surface of the upper layer of the barrier 
by plasma treatment. 

[0010] However, in the barrier of two-layer structure 
in which the upper barrier is composed of polyimide, the 

35 thickness of the light emitting layer might become une- 
ven in the vicinity of the barrier and at the center, from 
the points of the height of the barrier, and of the affinity 
for polyimide of a liquid (a liquid containing a material 
for the formation of light emitting layer) discharged by 

40 ink jet process. When the thickness of the light emitting 
layer becomes uneven, the light emission color or the 
amount of light emission becomes uneven or unstable 
in the pixel to thereby deteriorate luminous efficacy. 
[0011] In a color display in which red, green and blue 

45 three color pixels are placed adjacent to one another, it 
is necessary to ensure that different liquids are placed 
separately in adjacent pixels and to avoid the liquid in 
each pixel from being contaminated by another liquid for 
the adjacent pixel. The barrier having the aforemen- 

50 tioned structure is also susceptible to improvement in 
this point. In a contaminated pixel, purity of emitted light 
color is deteriorated. 

[0012] In this connection, these problems can be im- 
proved also by the method described in PCT Interna- 
55 tional Publication No. W099/48229, but this method re- 
quires plasma treatment and is also susceptible to im- 
provement in, for example, cost. 
[001 3] The present invention has been accomplished 
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focusing attention on these problems of the convention- 
al technologies, and an object of the present invention 
is to ensure that a liquid is placed in a predetermined 
region (without placing the same in the adjacent region) 
to a uniform thickness in the region, when a light emitting 5 
layer or hole transporting layer constituting an organic 
EL element is placed by a liquid placing step such as 
ink jet process. 

[0014] In order to solve the above problems, the 
present invention provides a method of manufacturing 
an organic EL element including a cathode, an anode, 
and one or more constitutive layers sandwiched be- 
tween the cathode and anode, which constitutive layer 
includes at least a light emitting layer. The method in- 
cludes the step of selectively placing a liquid containing 
a material for the formation of constitutive layer in a re- 
gion for the formation of constitutive layer, using a pat- 
tern having an opening corresponding to the region for 
the formation of constitutive layer, in at least one con- 
stitutive layer, and, in the liquid placing step, an ultrathin 
organic film pattern having a surface being repellent to 
the liquid is formed as the pattern, using a compound 
having a functional group being bondable to the consti- 
tutive atom of a face, on which the film is formed, and a 
functional group being repellent to the liquid. 
[0015] The liquid-repellency of the surface of the ul- 
trathin organic film pattern is preferably such liquid-re- 
pellency that the contact angle of the liquid is 50° or 
more. 

[0016] In the method according to the present inven- 
tion, it is preferred that at least one constitutive layer is 
further subjected to the step of forming an ultrathin or- 
ganic film on a face on which the constitutive layer is 
formed, which ultrathin organic film has a surface having 
affinity for the liquid, using a compound having a func- 
tional group being bondable to the constitutive atom of 
a face on which the film is formed, and a functional group 
having affinity for the liquid, and this step is between the 
ultrathin organic film pattern forming step and the liquid 
placing step. 

[0017] The term "ultrathin film" as used in the present 
invention means a thin film having a thickness of about 
several nanometers (e.g., 3 nm or less). Such an ul- 
trathin organic films includes, for example, a self-as- 
sembled film. The aforementioned ultrathin organic film 
pattern is preferably a pattern composed of a self-as- 
sembled film. 

[0018] The term "self-assembled film" as used in the 
present invention means a monomolecular film which is 
obtained by allowing a compound having a straight- 
chain molecule and a functional group that can be com- 
bined with the constitutive atom of a face on which the 
film is formed and is bonded to the straight-chain mole- 
cule to become in the state of a gas or liquid and coex- 
istent with the face on which the film is formed. In the 
monomolecular film, the functional group is adsorbed by 
the film-forming face and is bonded with the constitutive 
atom of the film-forming face, and the straight-chain 



molecule is formed facing the outside. This monomo- 
lecular film is called as a self-assembled film, since it is 
formed by spontaneous chemical adsorption of the com- 
pound to the film-forming face. 
[0019] In this connection, the self-assembled film is 
described in detail by A. Ulman in Chapter 3 of "An In- 
troduction to Ultrathin Organic Film From Langmuir- 
Blodgett to Self-Assembly" (Academic Press Inc., Bos- 
ton, 1991). 

[0020] The liquid-repellent ultrathin organic film pat- 
tern includes a pattern composed of a self-assembled 
film which is formed by using a material having a fluor- 
oalkyl group such as a fluoroalkylsilane. In this case, the 
face on which the film is formed must be converted into 
hydrophilic. 

[0021] When a self-assembled film is formed on a hy- 
drophilic film-forming face (a film-forming face on which 
a hydrophilic group such as hydroxyl group exists) using 
a fluoroalkylsilane, a siloxane bond is formed by dehy- 
dration reaction with the hydroxyl group of the film-form- 
ing face, and a fluoroalkyl group (CF 3 (CF2) n (CH 2 )n-) is 
placed at the end of a straight-chain molecule, and the 
surface of the resulting self-assembled film becomes re- 
pellent to liquid (a property resistant to wetting with a 
liquid). 

[0022] The ultrathin organic film forming step can be 
performed by the step of entirely forming an ultrathin or- 
ganic film having a liquid-repellent surface using the 
compound, and the step of irradiating the ultrathin or- 
ganic film with ultraviolet radiation via a photomask to 
thereby remove a portion corresponding to the consti- 
tutive layer forming region of the ultrathin organic film. 
[0023] The lyophilic ultrathin organic film is preferably 
a self-assembled film composed of a material having an 
amino group or carboxyl group as a lyophilic functional 
group. When an amino group or carboxyl group is 
present on the surface, the film has a high affinity for, 
for example, water and alcohol which are generally used 
as a solvent in a material for the formation of hole trans- 
porting layer. 

[0024] As the material for the formation of hole trans- 
porting layer, for example, a mixture of polyethylene di- 
oxythiophene with poly(styrenesulfonic acid), or copper 
phthalocyanine is used. Accordingly, a self-assembled 
film formed by the use of an alkylsilane having an amino 
group or carboxyl group as a lyophilic functional group 
is preferably used as the lyophilic ultrathin organic film 
which is formed as an underlayer of the hole transport- 
ing layer. By this configuration, the adhesion of the ma- 
terial for the formation of hole transporting layer Is im- 
proved, since the resulting self-assembled film has an 
amino group or carboxyl group on its surface. 
[0025] As the material for the formation of light emit- 
ting layer, for example, polyfluorene-based polymer or 
poly(phenylene-vinylene)-based polymer is used. Ac- 
cordingly, when the lyophilic ultrathin organic film is 
formed as an underlayer of the light emitting layer, a self- 
assembled film, which is formed by the use of an alkyl- 



15 



20 



25 



30 



35 



40 



45 



50 



5 EP1 1 

silane having, for example, an allyl group, vinyl group, 
phenyl group, or benzyl group as the lyophilic functional 
group, is preferably used as the lyophilic ultrathin organ- 
ic film. By this configuration, the adhesion of the light 
emitting layer composed of a polyfluorene-based poly- 
mer or poly(phenylene-vinylene)-based polymer is im- 
proved, since the resulting self-assembled film has an 
allyl group, vinyl group, phenyl group, or benzyl group 
on its surface. 

[0026] The present invention provides a method in 
which the liquid placing step in the invented method is 
performed by ink jet process. Specifically, when the or- 
ganic EL element is manufactured as an element con- 
stituting a pixel of a color display in which red, green and 
blue three color pixels are placed adjacent to one an- 
other, the invented method is preferably employed when 
a liquid containing a material for the formation of light 
emitting layer and/or hole transporting layer is placed by 
ink jet process. 

[0027] The present invention provides, in another as- 
pect, an organic EL element which includes a cathode 
and an anode, and a light emitting layer, a hole injecting 
layer and/or a hole transporting layer sandwiched be- 
tween the cathode and the anode, at least one of the 
light emitting layer and the hole injecting layer and/or 
the hole transporting layer is surrounded with a barrier, 
which barrier has a two-layer structure composed of a 
thin insulating film layer and an ultrathin organic film lay- 
er formed on the thin insulating film layer. The ultrathin 
organic film layer has a liquid-repellent surface and is 
formed by using a compound having a functional group 
being bondable to the constitutive atom of a face on 
which the film is formed, and a functional group being 
repellent to the liquid. 

[0028] The thin insulating film constituting the barrier 
of this two-layer thin film preferably has a film thickness 
of 50 to 200 nm, and the ultrathin organic film layer pref- 
erably has a film thickness of 3 nm or less. 
[0029] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 is a diagram showing a method according to 
the first embodiment of the present invention. 
Fig. 2 is a diagram showing the method according 
to the first embodiment of the present invention. 
Fig. 3 is a diagram showing the method according 
to the first embodiment of the present invention. 
Fig. 4 is a diagram showing the method according 
to the first embodiment of the present invention. 
Fig. 5 is a diagram showing the method according 
to the first embodiment of the present invention. 
Fig. 6 is a diagram showing the method according 
to the first embodiment of the present invention. 
Fig. 7 is a diagram showing the method according 
to the first embodiment of the present invention. 
Fig. 8 is a diagram showing the method according 
to the first embodiment of the present invention. 
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Fig. 9 is a diagram showing a method according to 
the second embodiment of the present invention. 
Fig. 10 is a diagram showing the method according 
to the second embodiment of the present invention. 
5 Fig. 11 is a diagram showing the method according 
to the second embodiment of the present invention. 
Fig. 12 is a diagram showing the method according 
to the second embodiment of the present invention. 
Fig. 13 is a diagram showing the method according 

10 to the second embodiment of the present invention. 
Fig. 14 is a diagram showing the method according 
to the second embodiment of the present invention. 
Fig. 15 is a diagram showing a method according 
to the third embodiment of the present invention. 

15 Fig. 16 is a diagram showing the method according 
to the third embodiment of the present invention. 
Fig. 17 is a diagram showing the method according 
to the third embodiment of the present invention. 
Fig. 18 is a diagram showing the method according 

20 to the third embodiment of the present invention. 

Fig. 19 is a diagram showing the method according 
to the third embodiment of the present invention. 
Fig. 20 is a diagram showing the method according 
to the third embodiment of the present invention. 

25 Fig. 21 is a diagram showing a conventional step of 
placing a liquid. 

[First Embodiment] 

30 [0030] The first embodiment of the present invention 
will be illustrated with reference to Figs. 1 to 8. One em- 
bodiment of the present invention will be described 
herein, taking a display comprising, as pixels, organic 
EL elements as example. In each figure, A is a sectional 

35 view of one pixel, and B is a plan view thereof. This or- 
ganic EL element includes two constitutive layers, i.e., 
a hole transporting layer and a light emitting layer, be- 
tween an anode and a cathode. 
[0031] Initially, ITO electrode (anode) 2 is formed in 

40 each pixel position on glass substrate 1 , as shown in 
Fig. 1 . On glass substrate 1 , a semiconductor device for 
driving organic EL element, for example, has been 
formed in advance. 

[0032] Next, a thin Si0 2 film is formed on all of glass 
45 substrate 1 by, for example, CVD process. Subsequent- 
ly, a conventional patterning step including a photoli- 
thography step and an etching step is preformed to 
thereby form opening 3a in a region on which constitu- 
tive layer is formed (a predetermined region on ITO elec- 
50 trode 2) of the thin Si0 2 film. By this procedure, thin Si0 2 
film pattern 3 is formed on the outermost surface of glass 
substrate 1. Fig. 2 shows this state. In the present em- 
bodiment, opening 3a is circular and the thin Si0 2 film 
has a thickness of 150 nm. 
55 [0033] Next, self-assembled film 4 is formed on all of 
the faces (the top face of thin Si0 2 film pattern 3, the top 
face of ITO electrode 2 exposed to opening 3a, and the 
inner wall of opening 3a) of glass substrate 1 using 
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heptadecafluorotetrahydrodecyltrimethoxysilane. Flu- 
id-repellent fluoroalkyl groups are present on all of the 
surface of self-assembled film 4. Here, self-assembled 
film 4 having a thickness of about 1 nm is formed by 
allowing glass substrate 1 in the state shown in Fig. 2 
to stand in the atmosphere of heptadecafluorotetrahy- 
drodecyltrimethoxysilanefor96 hours. Fig. 3 shows this 
state. 

[0034] In this state, concave 4a having self-assem- 
bled film 4 on its outermost surface exits on glass sub- 
strate 1 . The shape of opening of concave 4a is the 
same, circular, as in opening 3a of thin Si0 2 film pattern 
3, and the radius thereof is smaller than that of opening 
3a by a factor of the thickness of self-assembled film 4. 
[0035] Next, self-assembled film 4 on glass substrate 
1 is irradiated with ultraviolet radiation (wavelength: 172 
nm) via photomask 5 having light transmitting part 5a 
corresponding to the circular opening of concave 4a, as 
shown in Fig. 4. By this procedure, self-assembled film 
4 in portions exposed to ultraviolet radiation, i.e., the top 
face of ITO electrode 2 and the inner wall of opening 3a 
is removed, and self-assembled film 4 remains only on 
the top face of thin Si0 2 film pattern 3. 
[0036] Thus, ultrathin organic film pattern 41 having 
a liquid-repellent surface is formed on thin Si0 2 film pat- 
tern 3. Opening 4b of ultrathin organic film pattern 41 is 
placed so that its inner wall is located at the same loca- 
tion or somewhat outside of the inner wall of opening 3a 
of thin Si0 2 film pattern 3. 

[0037] In this state, as shown in Fig. 5, liquid 6 con- 
taining a material for the formation of hole transporting 
layer is discharged toward opening 4b of ultrathin organ- 
ic film pattern 41 from above by ink jet process. In this 
embodiment, an aqueous solution of polyethylene diox- 
ythiophene and poly(styrenesulfonic acid) as materials 
for the formation of hole transporting layer is used as 
liquid 6. 

[0038] The surface of ultrathin organic film pattern 41 
becomes repellent to liquid, and discharged liquid 6 
does not remain on the top face of ultrathin organic film 
pattern 41 and all of discharged liquid 6 enters opening 
3a. When liquid 6 overflows opening 3a, the top face of 
liquid 6 is raised over opening 4b of ultrathin organic film 
pattern 41, as shown by a chain double-dashed line in 
Fig. 5. Accordingly, liquid 6 discharged toward one 
opening 4b does never enter an adjacent opening 4b. 
[0039] Next, glass substrate 1 is heated at a prede- 
termined temperature to thereby remove the solvent 
from discharged liquid 6. By this procedure, hole trans- 
porting layer 61 composed of a mixture of polyethylene 
dioxythiophene and poly(styrenesulfonic acid) is formed 
in opening 3a of thin Si0 2 film pattern 3. Fig. 6 shows 
this state. In this embodiment, hole transporting layer 
61 has a thickness of 60 nm. 

[0040] Next, in this state, liquid 7 containing a material 
for the formation of light emitting layer is discharged to- 
ward opening 4b of ultrathin organic film pattern 41 from 
above by ink jet process, as shown in Fig. 6. A liquid, a 



solution of poly(para-phenylene-vinylene) (a material 
for the formation of light emitting layer) in xylene, is used 
as liquid 7 containing a material for the formation of light 
emitting layer. 

5 [0041] As is described above, the surface of ultrathin 
organic film pattern 41 becomes repellent to liquid also 
in this case, and discharged liquid 7 does not remain on 
the top face of ultrathin organic film pattern 41 but all of 
which enters opening 3a. Accordingly, liquid 7 dis- 

10 charged toward one opening 4b does never enter an ad- 
jacent opening 4b. 

[0042] Next, glass substrate 1 is heated at a prede- 
termined temperature to thereby remove the solvent 
from discharged liquid 7. By this procedure, light emit- 
15 ting layer 71 composed of, for example, a polyfluorene- 
based polymer is formed in opening 3a of thin Si0 2 film 
pattern 3. Fig. 7 shows this state. In this embodiment, 
light transmitting layer 71 has a thickness of 80 nm. 
[0043] Next, in this state, cathode 8 is formed in a po- 
20 sition over ITO electrode 2 of glass substrate 1 . Cathode 
8 is formed from a material that has an appropriate work 
function and is selected depending on the light emitting 
layer. In this embodiment, cathode 8 is formed as a two- 
layer structure cathode layer by forming a thin calcium 
25 film having a thickness of 10 nm by vapor deposition 
process, and further forming a thin aluminium film hav- 
ing a thickness of 400 nm on the thin calcium film by 
vapor deposition process. A protective film is formed or 
a sealing glass is bonded on cathode 8 according to ne- 
30 cessity. 

[0044] Thus, an organic EL element having hole 
transporting layer 61 and light emitting layer 71 between 
ITO electrode (anode)2 and cathode 8 is formed in each 
pixel position of the display. In this organic EL element, 

35 light emitting layer 71 and hole transporting layer 61 are 
surrounded with a two-layer structure barrier composed 
of thin Si0 2 film pattern (thin insulating film layer) 3 and 
ultrathin organic film pattern (ultrathin organic film layer 
having a liquid-repellent surface) 41 . Thin Si0 2 film pat- 

40 tern 3 is formed herein so as to prevent electric leak be- 
tween ITO electrode (anode) 2 and cathode 8. 
[0045] According to the method of the present embod- 
iment, liquids 6 and 7 containing materials for the for- 
mation of hole transporting layer 61 and light emitting 

45 layer 71 are discharged, by ink jet process, toward open- 
ing 4b of ultrathin organic film pattern 41 from above 
ultrathin organic film pattern 41 having a liquid-repellent 
surface. Therefore, liquids 6 and 7 discharged toward 
one opening 4b are prevented from entering an adjacent 

so opening 4b. Accordingly, by producing organic EL ele- 
ments of a color display in which red, green and blue 
three color pixels are placed adjacent to one another 
according to the method of the present embodiment, pu- 
rity of light color emitted from a pixel of each color can 

55 be increased. 

[0046] Separately, in a conventional liquid-repellent 
pattern composed of plasma-treated polyimide, dis- 
charged liquids may exist as convex or concave droplets 
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in the opening of the liquid-repellent pattern, since the 
film thickness is on the order of micrometers and the 
surface condition cannot be significantly controlled in 
plasma treatment. The convex or concave droplets have 
difference in height on the order of micrometers corre- 
sponding to the film thickness of the liquid-repellent pat- 
tern. Specifically, the droplets may have uneven height 
in one opening 3a. Additionally, the droplets may have 
different shapes in different plural openings in some 
cases. 

[0047] Contrary to this, ultrathin organic film pattern 
41 according to the present embodiment is very thin of 
about 1 nm, and has an excellent repellency to liquid, 
and the discharged liquid does never exist as a convex 
or concave droplet in opening 4b of ultrathin organic film 
pattern 41, but is in the state that its top face is raised 
over opening 4b. As a result, the intra-opening 3a uni- 
formity and inter-opening uniformity of the film thickness 
of hole transporting layer 61 and light emitting layer 71 
can be increased, as compared with the conventional 
liquid-repellent pattern. 

[Second Embodiment] 

[0048] The second embodiment of the present inven- 
tion will be described with reference to Figs. 9 to 1 4. One 
embodiment of the present invention is described here- 
in, taking a display having organic EL elements as pixels 
as example. In each figure, A is a sectional view of one 
pixel, and B is a plan view thereof. This organic EL ele- 
ment includes two constitutive layers, i.e., a hole trans- 
porting layer and a light emitting layer, between an an- 
ode and a cathode. 

[0049] Initially, ITO electrode (anode) 2 is formed in 
each pixel position on glass substrate 1 , thin Si0 2 film 
pattern 3 having opening 3a is formed thereon, and ul- 
trathin organic film pattern 41 having a liquid-repellent 
surface is formed on thin Si0 2 film pattern 3, by perform- 
ing the steps shown in Figs. 1 to 4 in the same manner 
as in the first embodiment. Fig. 9 shows this state. 
[0050] Next, self-assembled film 9 is formed on the 
top face of ITO electrode 2 exposed to opening 3a on 
glass substrate 1, using aminopropyltriethoxysilane. 
Fig. 10 shows this state. Lyophilic amino groups are 
present on all of the surface of self-assembled film 9. In 
this embodiment, self-assembled film 9 having a thick- 
ness of about 0.5 nm is formed by dipping glass sub- 
strate 1 in the state shown in Fig. 9 in a methanol 1% 
solution containing aminopropyltriethoxysilane, and 
rinsing the glass substrate with methanol and with water. 
[0051] Next, in this state, the same liquid 6 (a liquid 
containing a material for the formation of hole transport- 
ing layer) as in the first embodiment is discharged to- 
ward opening 4b of ultrathin organic film pattern 41 from 
above by ink jet process. The surface of ultrathin organic 
film pattern 41 becomes repellent to liquid, and dis- 
charged liquid 6 does not remain on the top face of ul- 
trathin organic film pattern 41 but all of discharged liquid 



6 enters opening 3a. Accordingly, liquid 6 discharged 
toward one opening 4b does never enter an adjacent 
opening 4b. 

[0052] Additionally, self-assembled film (ultrathin or- 

5 ganic film) 9 having amino groups on its surface is 
formed on the top face of ITO electrode 2, and dis- 
charged liquid 6 is placed dense in the state that it uni- 
formly spreads over self-assembled film 9. 
[0053] Next, glass substrate 1 is heated at a prede- 

10 termined temperature to thereby remove the solvent 
from discharged liquid 6. By this procedure, hole trans- 
porting layer 61 composed of a mixture of polyethylene 
dioxythiophene and poly(styrenesulfonic acid) is formed 
in opening 3a of thin Si0 2 film pattern 3. Fig. 11 shows 

15 this state. Hole transporting layer 61 has a thickness of 
60 nm also in this embodiment. 
[0054] Next, glass substrate 1 in this state is dipped 
in a methanol 1% solution containing allyltriethoxysi- 
lane, and is then rinsed with methanol and with water to 

20 thereby form self-assembled film 1 0 having a thickness 
of about 0.4 nm on the top surface of hole transporting 
layer 61 exposed to opening 3a. Allyl groups are present 
on all of the surface of self-assembled film 10. Fig. 12 
shows this state. 

25 [0055] Next, the same liquid 7 (a liquid containing a 
material for the formation of light emitting layer) as in 
the first embodiment is discharged toward opening 4b 
of ultrathin organic film pattern 41 from above by ink jet 
process, as shown in Fig. 12. As described above, the 

30 surface of ultrathin organic film pattern 41 becomes re- 
pellent to liquid also in this case, and discharged liquid 

7 does not remain on the top face of ultrathin organic 
film pattern 41 , but all of which enters opening 3a. Ac- 
cordingly, liquid 7 discharged toward one opening 4b 

35 does never enter an adjacent opening 4b. 

[0056] Additionally, self-assembled film (an ultrathin 
organic film having a lyophilic surface) 10 having allyl 
groups lyophilic to liquid 7 on its surface (a solution of 
poly(para-phenylene-vinylene) in xylene) is formed on 

40 the top face of hole transporting layer 61, and dis- 
charged liquid 7 is placed in the state that it uniformly 
spreads over self-assembled film 10. 
[0057] Next, glass substrate 1 is heated at a prede- 
termined temperature to thereby remove the solvent 

45 from discharged liquid 7. By this procedure, light emit- 
ting layer 71 composed of poly(para-phenylene-vi- 
nylene) is formed in opening 3a of thin Si0 2 film pattern 
3. Fig. 13 shows this state. 

[0058] Next, in this state, cathode 8 is formed in a po- 
50 sition over ITO electrode 2 of glass substrate 1 . Fig. 14 
shows this state. A two-layer structure cathode layer 
composed of a thin calcium film having a thickness of 
10 nm and a thin aluminium film having a thickness of 
400 nm is also formed in this embodiment as in the first 
55 embodiment. A protective film is formed or a sealing 
glass is bonded on cathode 8 according to necessity. 
[0059] Thus, an organic EL element having hole 
transporting layer 61 and light emitting layer 71 between 
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ITO electrode (anode)2 and cathode 8 is formed in each 
pixel position of the display. This organic EL element in- 
cludes self-assembled films 9 and 1 0 between ITO elec- 
trode 2 and hole transporting layer 61 and between hole 
transporting layer 61 and light emitting layer 71 . These 5 
self-assembled films 9 and 10 are thin in film thickness 
and have an opening in which the hole can easily move 
and they do not significantly deteriorate the performanc- 
es of the organic EL element. 
[0060] Additionally, in this organic EL element, light 
emitting layer 71 and hole transporting layer 61 are sur- 
rounded with a two-layer structure barrier composed of 
thin Si0 2 film pattern (thin insulating film layer) 3 and 
ultrathin organic film pattern (ultrathin organic film layer 
having a liquid-repellent surface) 41 . 
[0061] According to the method of the present embod- 
iment, the effect of increasing the durability of the organ- 
ic EL element can be obtained, in addition to the effects 
as in the first embodiment, since the presence of self- 
assembled films 9 and 10 increases adhesion between 
ITO electrode 2 and hole transporting layer 61 and ad- 
hesion between hole transporting layer 61 and light 
emitting layer 71. Additionally, the uniformity in film 
thickness of hole transporting layer 61 and of light emit- 
ting layer 71 in opening 3a of thin Si0 2 film pattern 3 can 
be further increased in comparison with the organic EL 
element obtained in the first embodiment. 

[Third Embodiment] 

[0062] The third embodiment of the present invention 
will be described below with reference to Figs. 1 5 to 20. 
One embodiment in which an organic EL element is ap- 
plied to a surface light source device such as back light 
will be illustrated herein. In each figure, A is a plan view, 
and B is a sectional view of A along with the lines A-A. 
This organic EL element includes two layers, i.e., a hole 
transporting layer and a light emitting layer, as constitu- 
tive layers between a cathode and an anode. 
[0063] Initially, ITO electrode (anode) 2 in a predeter- 
mined shape is formed on glass substrate 1 , as shown 
in Fig. 15. ITO electrode 2 is composed of rectangular 
sandwiching part 21 for sandwiching the constitutive 
layers and terminal part 22 protruding from sandwiching 
part 21 . ITO electrode 2 is formed by performing a con- 
ventional patterning step including a photolithography 
step and an etching step, after the formation of the thin 
ITO film by, for example, sputtering process. In this em- 
bodiment, ITO electrode 2 has a thickness of 150 nm. 
[0064] Next, self-assembled film 4 is formed on all of 
the faces of glass substrate 1 using heptadecafluorotet- 
rahydrodecyltriethoxysilane, as shown in Fig. 16. Fluid- 
repellent fluoroalkyl groups are present on all of the sur- 
face of self-assembled film 4. Glass substrate 1 in the 
state shown in Fig. 15 is allowed to stand in the atmos- 
phere of heptadecafluorotetrahydrodecyltriethoxysilane 
for 96 hours to thereby form self-assembled film 4 hav- 
ing a film thickness of about 1 nm. 



[0065] Next, self-assembled film 4 on glass substrate 
1 is irradiated with ultraviolet radiation (wavelength: 172 
nm) via photomask 5 having a light transmitting part cor- 
responding to the region for the formation of constitutive 
layer (a rectangular region which is of a size larger than 
that of sandwiching part 21 of ITO electrode 2). By this 
procedure, the self-assembled film in portions exposed 
to ultraviolet radiation is removed to thereby form ul- 
trathin organic film pattern 41 that has opening 4b cor- 
responding to the region for the formation of constitutive 
layer and has a liquid-repellent surface, as shown in Fig. 
17. 

[0066] In this state, an aqueous solution of a mixture 
(a material for the formation of hole transporting layer) 
of polyethylene dioxythiophene and poly(styrenesulfon- 
ic acid) is applied on the top face of glass substrate 1 
by spin coating process. In this procedure, the surface 
of ultrathin organic film pattern 41 becomes repellent to 
liquid, and the liquid does not remain on the top face of 
ultrathin organic film pattern 41 but enters opening 4b 
alone and adheres onto ITO electrode 2 in opening 4b. 
[0067] Next, glass substrate 1 is heated at a prede- 
termined temperature to dry the film of the applied liquid 
to thereby form hole transporting layer 61 on ITO elec- 
trode 2. Fig. 18 shows this state. In this embodiment, 
hole transporting layer 61 has a thickness of 60 nm. 
[0068] Next, a liquid, a solution of poly(para-phe- 
nylene-vinylene) (a material for the formation of light 
emitting layer) in xylene, is applied onto the top face of 
glass substrate 1 by spin coating process. Also in this 
procedure, the liquid is rejected by ultrathin organic film 
pattern 41 having a liquid-repellent surface, and enters 
opening 4b alone and adheres onto hole transporting 
layer 61 in opening 4b. Next, glass substrate 1 is heated 
at a predetermined temperature to dry the film of the ap- 
plied liquid to thereby form light emitting layer 7 1 on hole 
transporting layer 61. Fig. 19 shows this state. In this 
embodiment, light transmitting layer 71 has a thickness 
of 80 nm. 

[0069] Next, cathode 8 is formed on light emitting lay- 
er 71. Cathode 8 in this embodiment is also composed 
of rectangular sandwiching part 81 for sandwiching the 
constitutive layers, and terminal part 82 protruding from 
sandwiching part 81 , which terminal part 82 is placed in 
a position in the same side of that of terminal part 22 of 
anode 2 but not overlapping the same. A two-layer struc- 
ture anode layer composed of a thin calcium film having 
a thickness of 10 nm and a thin aluminium film having 
a thickness of 400 nm is also formed in this embodiment 
in the same manner as in the first embodiment. 
[0070] Next, ultrathin organic film pattern 41 is re- 
moved to allow terminal part 22 of anode 2 to expose 
itself, and then a protective film is formed or a sealing 
glass is bonded on cathode 8 according to necessity. 
[0071] Thus, an organic EL element having hole 
transporting layer 61 and light emitting layer 71 between 
ITO electrode (anode) 2 and cathode 8 is formed as a 
surface light source device. 
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[0072] According to the method of the present embod- 
iment, when each liquid containing a material for the for- 
mation of hole transporting layer 61 or light emitting lay- 
er 71 is applied by spin coating process, the portions 
other than the regions for the formation of the two layers 5 
61 and 71 are covered with ultrathin organic film pattern 
41 having a liquid-repellent surface, and each liquid is 
prevented from adhering to, for example, the reverse 
face of glass substrate 1 . 

[0073] In this connection, in the method of manufac- io 
turing an organic EL element for surface light source de- 
vice, a process (dipping process) in which the top face 
of glass substrate 1 is dipped in the liquid can also be 
advantageously employed as the process for applying 
each liquid containing a material for the formation of hole 15 
transporting layer 61 or light emitting layer 71 , in addition 
to the spin coating process. 

[0074] Separately, in the method of manufacturing an 
organic EL element for display pixel, spin coating proc- 
ess or dipping process can also be employed as the 20 
process for applying the liquid containing a material for 
the formation of hole transporting layer 61 . In the meth- 
od of manufacturing an organic EL element for display 
pixel, spin coating process or dipping process can also 
be employed as the process for applying the liquid con- 25 
taining a material for the formation of light emitting layer 
71 , except when the display is a color display in which 
red, green and blue three color pixels are placed adja- 
cent to one another. 

[0075] Additionally, the lyophilic ultrathin organic film 30 
(self-assembled films 9 and 10) may be formed by a 
process in which glass substrate 1 is dipped in a solution 
of an alkylsilane having an amino group or carboxyl 
group in a solvent such as methanol or ethanol. 
[0076] In the first embodiment and second embodi- 35 
ment, thin insulating film layer 3 can also be formed by 
the following method. Initially, glass substrate 1 in the 
state shown in Fig. 1 is allowed to stand in the atmos- 
phere of heptadecafluorotetrahydrodecyltriethoxysilane 
for 96 hours to thereby form a self-assembled film hav- 40 
ing a liquid-repellent surface. Next, this self-assembled 
film is irradiated with ultraviolet radiation (wavelength: 
172 nm) via a photomask having a light shielding part 
corresponding to the region for the formation of consti- 
tutive layers, and a light transmitting part corresponding 45 
to the other portions. By this procedure, the self-assem- 
bled film only remains on the region for the formation of 
constitutive layer on ITO electrode 2. 
[0077] Next, a solution of peroxypolysilazane in a sol- 
vent is applied onto the surface of the glass substrate 50 
in this state. By this procedure, this solution does not 
remain on the self-assembled film having a liquid-repel- 
lent surface and is placed in the opening (a portion other 
than the region for the formation of constitutive layers 
on ITO electrode 2) of the self-assembled film. Next, the 55 
glass substrate in this state is heated at a predetermined 
temperature to thereby form a thin insulating film mainly 
containing silicon oxide in the aforementioned portion. 
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[0078] Next, the surface of the glass substrate in this 
state is irradiated with ultraviolet radiation (wavelength: 
172 nm) to thereby remove the self-assembled film re- 
mained on the region for the formation of constitutive 
layers on ITO electrode 2. As a result, thin insulating film 
layer 3 having opening 3a in the region for the formation 
of constitutive layers is formed on ITO electrode 2, as 
shown in Fig. 2. 

[0079] As described above, the invented method of 
manufacturing an organic EL element can ensure that 
a liquid containing a material for the formation of consti- 
tutive layer (light emitting layer or hole transporting lay- 
er) (without being placed in the adjacent region) is 
placed in the region for the formation of constitutive lay- 
ers with a uniform thickness in the region. Additionally, 
the invented method can suppress cost, in comparison 
with a method using plasma treatment. 
[0080] In particular, by applying the invented method 
to a method of producing an organic EL element for a 
color display pixel, in which a liquid containing a material 
for the formation of light emitting layer is placed by ink 
jet process, and red, green and blue three color pixels 
are placed adjacent to one another, the purity of light 
color emitted from a pixel of each color can be increased 
and luminous efficacy can be increased. 



Claims 

1. A method of manufacturing an organic EL element 
including a cathode, an anode, and one or more 
constitutive layers sandwiched between said cath- 
ode and anode, said constitutive layer including at 
least a light emitting layer, wherein 

said method comprises the step of selectively 
placing a liquid containing a material for the for- 
mation of constitutive layer in a region for the 
formation of constitutive layer, using a pattern 
having an opening corresponding to the region 
for the formation of constitutive layer, in at least 
one constitutive layer, and wherein 
in said liquid placing step, an ultrathin organic 
film pattern having a surface being repellent to 
said liquid is formed as said pattern, using a 
compound having a functional group being 
bondable to the constitutive atom of a face, on 
which the film is formed, and a functional group 
being repellent to said liquid. 

2. A method of manufacturing an organic EL element 
according to claim 1 , wherein at least one constitu- 
tive layer is subjected to the step of forming an ul- 
trathin organic film on a face on which the constitu- 
tive layer is formed, said ultrathin organic film hav- 
ing a surface having affinity for said liquid, using a 
compound having a functional group being bonda- 
ble to the constitutive atom of a face on which the 
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film is formed, and a functional group having affinity 
for said liquid, said step being between said ul- 
trathin organic film pattern forming step and said liq- 
uid placing step. 

5 

3. A method of manufacturing an organic EL element 
according to claim 1 or 2, wherein said ultrathin or- 
ganic film pattern is a pattern composed of a self- 
assembled film. 

10 

4. A method of manufacturing an organic EL element 
according to claim 1, wherein said liquid-repellent 
ultrathin organic film pattern is a pattern composed 
of a self-assembled film comprising a material hav- 
ing a fluoroalkyl group. is 

5. A method of manufacturing an organic EL element 
according to claim 1 , wherein said ultrathin organic 
film forming step is performed by the step of forming 

an ultrathin organic film having a liquid-repellent 20 
surface using said compound, and the step of irra- 
diating said ultrathin organic film with ultraviolet ra- 
diation via a photomask to thereby remove a portion 
corresponding to the region of said ultrathin organic 
film for the formation of constitutive layer. 25 

6. A method of manufacturing an organic EL element 
according to claim 2, wherein said ultrathin organic 
film having affinity for liquid is a self-assembled film 
having an amino group or carboxyl group as the 30 
lyophilic functional group. 

7. A method of manufacturing an organic EL element 
according to any one of claims 1 to 6, wherein said 
liquid placing step is performed by ink jet process. 35 

8. An organic EL element comprising a cathode and 
an anode, and a light emitting layer, a hole injecting 
layer and/or a hole transporting layer sandwiched 
between said cathode and said anode, wherein *o 

at least one of said light emitting layer and said 
hole injecting layer and/or said hole transport- 
ing layer is surrounded with a barrier, 
said barrier having a two-layer structure com- 45 
posed of a thin insulating film layer and an ul- 
trathin organic film layer formed on said thin in- 
sulating film layer, said ultrathin organic film 
layer having a liquid-repellent surface and be- 
ing formed by using a compound having a func- 50 
tional group being bondable to the constitutive 
atom of a face on which the film is formed, and 
a functional group being repellent to said liquid. 
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[FIG. 1] 
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[FIG. 5] 
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[FIG. 9] ' 
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[FIG. 13] 
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[FIG. 15]- 
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[FIG. 18] 
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[FIG. 21] 
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